Benchmarking by means of applying the DEA model is appearing as an interesting alternative for regulators under the new regimes for electricity distributors. A sample of large electricity distribution utilities from Denmark, Finland, Norway, Sweden and the Netherlands for the year 1997 is studied by assuming a common production frontier for all countries. The peers supporting the benchmark frontier are from all countries. New indexes describing cross country connections between peers and their inefficient units are developed, as well as productivity measurements between units from different countries.
Introduction
Improvement of efficiency in electricity distribution utilities has come on the agenda, as an increasing number of countries are moving towards deregulation of the sector in the last decade. A key element in assessing potentials f or efficiency improvement is to establish benchmarks for efficient operation. A standard definition of benchmarking is a comparison of some measure of actual performance against a reference performance.
One way of obtaining the latter is to establish a frontier production function for a utility, and then calculate efficiency scores relative to the frontier.
In this study a piecewise linear frontier is used, and technical efficiency measures (Farrell, 1957) and Malmquist productivity measures (Caves et al., 1982a) are calculated by employing the DEA model (Charnes et al., 1978) . The DEA model has been used in several studies of the utilities sector recently (see a review in Jamasb and Pollitt, 2001) . A special feature of this study is that the data is based on a sample of utilities from five different countries: Denmark, Finland, The Netherlands, Norway, and Sweden. Most of the efficiency studies of utilities are focussing on utilities within a single country, but some studies have also compared utilities from different countries (see Jamasb and Pollitt, 2001) . In some cases an international basis for benchmarking is a necessity due to the limited number of similar firms, like benchmarking for the single Norwegian national grid transmission company where the similar company for Sweden is used. When the number of units is not the key motivation for international sample for benchmarking, the motivation may be to ensure that the national best practice utilities is also benchmarked 2 .
There are some extra problems with using an international data set for benchmarking.
The main problem is that of comparability of data. One is forced to use the strategy of the least common denominator. A special issue is the correct handling of currency exchange rates. There are really only two practical alternatives; the average rates of exchange and the Purchasing Power Parity (PPP) as measured by OECD. The latter approach is chosen here. Relative differences in input prices like wage rates and rates of return on capital may also create problems as to distinguish between substitution effects and inefficiency.
According to the findings in Jamasb and Pollitt (2001) international comparisons are often restricted to comparison of operating costs because of the heterogeneity of capital.
They formulate as a precondition for international comparisons to focus on improving the quality of the data collection process, auditing, and standardisation within and across countries. Cross section data for the present study has been collected uniquely for the effort by national regulating agencies, and special attention has been paid to standardise the capital input as a replacement cost concept.
Regarding the extent of international studies Jamasb and Pollitt (2001) found that 10 of the countries covered in the survey (OECD-and some non-OECD countries) have used some form of benchmarking and about half of these use the frontier-oriented methods DEA, Corrected Least Squares (COLS) and Stochastic Frontier Approach (SFA). They predict that benchmarking is likely to become more common as more countries implement power sector reforms.
The paper is organised in the following way: In Section 2 a brief discussion of the methods of DEA and Malmquist productivity index calculations is offered. In Section 3 the theory of distribution of electricity as production is reviewed as to the choice of variable specification. The data is presented in the form of partial diagrams developed to reveal the structure of the data and the occurrence of outliers. A trail run is performed in Section 4 to check any outlier problem. The results on efficiency distributions and intercountry productivity differences using Malmquist indexes are presented in Section 5.
The main findings are stated in Section 6, and some policy conclusions including further research options are offered.
The methodological approach
The DEA model As a basis for benchmarking we will employ a piecewise linear frontier production function exhibiting the transformations between a set of outputs, y m (m=1,..,M) and the substitutions between a set of inputs, x s (s=1,..,S). We will assume constant returns to scale. The frontier is enveloping the data as tight as possible and the observed best practice utilities will span the benchmarking technology. The Farrell technical efficiency measures are calculated simultaneously with determining the nature of the envelopment subject to basic properties of the general transformation of inputs into outputs (see e.g. Färe and Primont, 1995) . The efficiency scores fo r the input-and output oriented DEA models, E 1i and E 2i respectively for utility no i, i = 1,..,n, are found by solving the following two linear programmes:
(1) (For notational ease we use the same symbol, ? , for the weights in both models.) In the general case the measures E 1i and E 2i are identical since we have specified constant returns to scale. However, we may need to keep some variables fixed when calculating the efficiency scores. In the case of e.g. one output as fixed, the input-oriented model will be the same as (1), but the output-oriented model will be different since the constraint in (2) involving this variable will be reformulated to hold without the efficiency correction of this output variable. The numerical results for efficiency scores may then be different.
The Malmquist productivity index
The Malmquist productivity index, introduced in Caves et al. (1982a) , is a binary comparison of the productivity of two entities, usually the same unit at different points in time, but we may also compare different units at the same point in time. Let the set of units in country j be N j , and consider two utilities, k i and l j , form country i and j, respectively. The output-and input vectors of a unit are written y ki , x ki , etc. The Malmquist productivity index, M, for these two units is then:
The Malmquist index is the ratio of the Farrell technical efficiency measures for the two units, as calculated by solving the programmes (1) or (2) 3 . The superscript on the indexes shows the reference technology base (i.e. i means that the efficiency measures are calculated with respect to the frontier for country i). We follow the convention of having the first unit in the subscript in the denominator and the second in the numerator, thus unit l j is more productive than unit k i if i l k j i M , > 1, and vice versa. If it is relevant to operate with different reference technologies for the units, following Färe et al. (1994) , the Malmquist index can be decomposed multiplicatively into a term reflecting each unit catching up with its reference technology, and a term reflecting the distance between the two reference technologies.
It may be of interest to involve a comparison of several units. According to Caves et al. (1982b) multi-country comparisons are the problems to which multilateral comparative techniques most often have been applied. We may want to both compare productivity levels between countries, and to compare utility productivity levels. The crucial point concerning the choice of comparisons is the assumption about production technologies. There are two basic possibilities:
A common frontier technology may be assumed, allowing utilities from different countries to support the DEA envelope.
ii) The technologies are national, i.e. only own country firms may be best practice firms. Caves et al. (1982b) operated with country-specific technologies and countries as units, and developed a multilateral country productivity index for a comparison of two countries. The calculation involved the geometric mean of the bilateral productivity comparison between each of the two countries and all other countries in order to obtain transitivity. Another way to obtain transitivity proposed in Caves et al. (1982b) was to introduce a representative country to be compared with the two countries involved in the bilateral comparison. The approach in Berg et al. (1993) of using a fixed base technology can be interpreted as use of a representative country (see Førsund, 2001) . In a setting similar to ours Nordic banks are studied by assuming separate technologies for each country, and then by using the frontier for one country as a common reference, productivity between countries are compared by comparing the efficiency scores of the largest banks in each country, as well as the average banks. A common Nordic technology was also tried. We will in our study assume a common frontier technology.
Common inter country technology
As pointed out in in Caves et al. (1982) it is an advantage to use a transitive index when comparing productivities of two countries (units). Berg et al. (1992 ), and Førsund (1993 (see also the general discussion in Førsund, 2001 ) demonstrate that the Malmquist index (3) is not transitive. However, in the case of the same frontier technology being valid for all countries, corresponding to assumption i) above, the Malmquist productivity index is greatly simplified, since the benchmark technology will be common for all productivity calculations. The index is then transitive.
A useful characterisation of the productivity of a unit k (in a country i) may be obtained by comparing the efficiency score for this unit with the (geometric) mean of all the other scores, following up Caves et al. (1982b), (p. 81, Eq. (34) ) measuring the productivity of one country against the geometric mean of the productivities of all countries:
? ?
where n is the total number of all utilities and N represents the set. To focus on bilateral productivity comparisons between countries as units one way of formulating a bilateral country comparison is to compare the geometric means of efficiencies over units for each country, i and j :
where n i and n j are the total number of utilities within each country i and j. This index may be termed the bilateral country productivity index, and is also transitive, in the sense that the index is invariant with respect to which third country efficiency score average we may wish to compare with countries i and j.
If we want to express how the units within a country, i, are doing compared with the average over all units, the country j specific index in the denominator of (5) can be substituted with the geometric average of the efficiency scores of all the utilities like the numerator in (4).
Model specification and data

Distribution as production
In the review of transmission and distribution efficiency studies Jamasb and Pollitt (2001) point to the variety of variables that have been used as an indication that there is no firm consensus on how the basic functions of electric utilities are to be modelled as production activities. However, they mention that the variety of the variables used may, to some extent, be explained by the lack of data.
Modelling the production activity of transportation of electricity has old traditions within engineering economics (see e.g. Førsund (1999) for a review). According to Smith (1961) the problem of the most economical way of setting up transmission of electricity between a point of production and a point of consumption was first analysed by Lord Kelvin in 1881. Before a power line is constructed there are substitution possibilities between the weight of the conductor and energy generated at the point of production due to a larger cond uctor (in mass) implying less loss of power, all other aspects being held constant. Applying the various laws of electricity, like Ohm's law, a production function can be derived with electricity delivered as output and weight of conductor and energy generated as inputs. As parameters we have length of conductor, specific resistance, specific weight of conductor, and voltage at consumer point. As to scale properties this function exhibits constant returns to scale.
Moving from the stylised transmission problem of Lord Kelvin to modelling a distribution utility we may start by noting some basic activities of distribution, following Neuberg (1977) . Distribution was there divided into four related but distinguishable activities. Distribution proper consists of load dispatching, customer installations, and equipment maintenance. Customers account activity includes meter reading and billing. Sales activity encompasses demonstrating, selling, and advertising.
Lastly there is general administration, including office supplying and renting. On the input side these activities will be captured by properly specified labour, capital and materials inputs. However, deregulation usually unbundled supply of electricity and distribution by the local utility, thus sales of electricity, customer accounts, etc. are then not included in distribution.
As to the physical production activity electricity is delivered through a network to a number of customers. The basic picture is the same as in Lord Kelvin's transmission problem above. In addition to lines (consisting of overhead-, under ground-, and under water cables) transformers are important to physical distribution. However, we will not model the optimal configurations of lines and transformers. We assume that the utilities take the existing lines, transformer capacity and number and geographical distribution of customers as given. But, at pointed out in Neuberg (1977) , this is not the same as saying that these variables must be regarded as constants in our analysis. Past decisions reflected in configurations of lines and transformers may give rise to current differences in efficiency. These variables that are exogenous for the firm, may be seen as endogenous from the point of view of society. Even distribution jurisdictions can be rearranged, making number of customers endogenous.
On a general abstract level the outputs of distribution utilities are energy delivered to each node (customer), and inputs are the energy received by the utility and real capital in the form of lines and transformers, in addition to inputs used for the distribution activity mentioned above. Due to the high number of customers for a standard utility it is impossible to implement the conceptualisation of a multi-output production function to the full extent. The usual approximation is to operate with total energy delivered and number of customers separately as outputs. The latter variable is also often used in engineering studies as the key dimensioning output variable, and taken as the absolute size of a utility (Weiss, 1975) . The role of lines varies. It can be regarded as a capital input, but it is also used as a proxy for the geographical extent of the service area. For fixed geographical distribution of customers the miles of distribution line would be approximately set (but note the possibilities of inefficient configurations), thus line length may serve as a proxy for service area. Due to probability of wire-outage and cost of servicing the extent of customer area will influence distribution costs. Non-traditional variables such as size of service area may be used to specify differences in the production system or technology from firm to firm.
The energy received by a utility is usually not represented as an input, but the loss in the network system can be used as an input, although it is conceptually a by-product of the transportation activity.
In engineering studies the load density may be a characterisation of capital. Load density is the product of customer density and coincident peak load per customer (kWh per square mile). The maximum peak load may also describe capital, or also be used as an output indicator as a quality attribute.
According to the extensive review in Jamasb and Pollitt (2001) the most frequently used inputs are operating costs, number of employees, transformer capacity, and network length. The most widely used outputs are units of energy delivered, number of customers, and size of service area.
Choice of model specification
As regards input variables it has not been possible to use a volume measure of labour due to the lack of this information for one country (Denmark). Instead a cost measure has been adapted. Labour cost and maintenance have been added to total operating expenses (TOM). We then face the problem mentioned in the introduction about national differences in wages for labour. It has been chosen to measure total operating and maintenance costs in Swedish prices.
A measure for real capital volume has been established for 1997 by the involved regulators by first creating for the sample utilities a physical inventory of existing real capital in the form of length of types of lines (air, underground and sea) distributed on three classes according to voltage, categories of transformers according to type (distribution, main) and capacity in kV, transformer kiosks for distribution, and transformer stations for main transformers. The number of capital items has been in the range of 60-100. As a measure of real capital the replacement value (RV) is the theoretical correct measure (see Johansen and Sørsveen, 1967) . To obtain such a measure aggregation over the categories has been necessary due to the high number of items. It is then necessary to use the same weights, i.e. national prices will not yield a correct picture if prices differ. It has been chosen to use Norwegian prices for all countries. A more preferred set of weights may be average prices for all countries, but it has not been feasible to establish such a database so far. Although lines and transformers have been used separately as inputs in the literature (see e.g. Veiderpass (1992a), (1992b) and Jamasb and Pollitt, 2001 ), the groups have been aggregated into a single aggregated capital volume measure in this study.
The energy fed into the distribution system is the physical input, and electricity taken out and losses in lines and transformers are the physical outputs. We will measure as input the loss in MWh in the system. This variable will capture a quality component of the distribution system. A problem is that data are usually more unreliable than for energy delivered due to measuring routines not coinciding with the calendar year. In some countries an average loss for the last three years is used, while loss for the last year or its estimate is used for other countries.
On the output side energy delivered and number of customers are used as outputs. The countries have information on low and high voltage, but since the classification of high and low voltage differs we have used the aggregate figures.
Some measure of geographical configuration of the distribution networks should also be included for a relevant analysis of efficiency. The service area can be measured in different ways (see Kittelsen, 1999) . Our option in this study is to use the total length of lines.
The data structure
An overview of key characteristics of the data is presented in Table 1 . The difference in size between utilities is large, as reveled by the last two columns. A summary of the structure of the data of the individual countries is shown in the radar diagram in Figure   1 where country averages relative to the total sample averages are portrayed. The absolute size of the Netherlands is obvious in all dimensions except for energy delivered. It is evident that the Netherlands is especially large in number of customers, but also in replacement value. It is relatively small in length of lines. Norway is largest In order to see more details of the structure of the data we will use diagrams to portray ratios of variables. There are three types of combinations of the variables that shed light on different structures. Forming ratios of output variables will show the distribution of output mixes, forming ratios of inputs will show the distribution of input mixes, and forming ratios of output on input (or inverse) will show us partial productivity ratios.
With three outputs and three inputs the number of output mix ratios is three, and the 2 000 000 4 000 000 6 000 000 8 000 000 10 000 000 12 000 000 14 000 000 16 000 000 18 000 000 having small ratios also in Sweden, but then some large units also having high ratios.
Size in TOM
The Netherlands is a special case with the units in two distinct size classes and the distribution of lines on number of customers being quite more even than for the other countries. 0.14 0 2 000 000 4 000 000 6 000 000 8 000 000 10 000 000 12 000 000 14 000 000 16 000 000 18 000 000 
Trial runs
In order to detect unduly influence from the outliers that by definition will form the set of best practice units we will first conduct a trial run. We will base our analysis on measures for the influence of peers. Let P be the set of peers and I the set of inefficient units; P ? I = N (set of all units). 
5 See Torgersen et al. (1996) for the introduction and demonstration of the concept of Peer index for both the radial efficiency measure and efficiency measures including slacks.
In the VRS case the sum of weights, ? ip , over peers, p, is equal to one, but in the CRS case there is no restriction on the sum (but each ? ip is restricted to be non-negative).
Therefore, the weight ? ip has to be normalized by division with the total sum of weight for each inefficient unit. Summing also over all the peers (index p) in the numerator, we get the index value of one for each type of input.
Another measure of the importance of peers is provided by calculating the super efficiency score (SE) (Andersen and Petersen, 1993) . This score is obtained by removing the peer in question from the full data set used when calculating the efficiency scores according to the program (1), and then calculating the efficiency score of the peer against this new frontier. The efficiency score must necessarily be greater than (or equal to) one. A third measure of the importance of a peer that has been used in the literature is a pure count of the number of times a peer is a referencing unit for ine fficient units, i.e. the number of sets P i defined in (6) where the peer appears. The measures give us different information. The
Peer index shows the importance of a peer as role model for best practice in terms of potential improvement of performance, the pure count shows number of appearances, but without discriminating between differing peer influence on the reference point of the inefficient units, while the Super efficiency score tells us about the influence on the shape of the production frontier.
The three measures are set out in The super-efficiency index varies from 1.01 for the self-evaluator to 1.88. The maximal number means that the reference point on the frontier established without the peer in question in the data set on which the frontier is based, implies a use of inputs that is 88%
higher than for the peer. But we see that this unit has quite low Peer index values, indicating that if the input data for this unit is increased it will not matter much for the overall results. It also has a moderate count value. The Super-efficiency index is 1.21 for the most influential peer, implying that the "over consumption" of inputs at the frontier excluding this peer is 21%. Given that the units supporting the full frontier by definition are outliers this figure in itself dos not give rise to too much concern. We conclude that it is one unit, 3009, the one with the outstanding high value of the peer-and the count index that should be investigated further with respect to the overall results.
Cross country peer pattern
We will analyse the influence of the peers also on each country. The pattern of country origin of peer and associated inefficient units show the nature of he peers: are they multinational or pure national peers? Table 3 more than the two second most influential, as seen in the last row in Table 3 . It is especially important for Sweden in the sense that all but two of the Swedish inefficient units have this unit as their peer.
Due to the special influence of unit 3009 and its special character as a small utility in an urban area we have chosen to remove it from the data set. However, in the figures 2-4 we see that except for a very high maximal ratio of lines to replacement values the unit is not extreme. One reason for the high peer index value is its central location on the frontier.
The results
Efficiency scores
The distribution of efficiency scores for the CRS model (1) is shown in Figure 5 1.0 0 2 000 000 4 000 000 6 000 000 8 000 000 10 000 000 12 000 000 14 000 000 16 000 000 18 000 000
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Figure 5. Efficiency distribution with common frontier
efficient units is rather small, representing about 5% of accumulated TOM costs. There are 13 fully efficient units (one is a self evaluator) of the total number of 122 units. As to the size of the efficient units they are small and under medium, except for one large unit, but this is a self-evaluator. The largest units are all inefficient and located towards either end of the distribution.
Structural features of best-and worst practice units
From the efficiency distribution shown in Figure 5 we have calculated the average input-and output values of the 12 active peers (excluding the self-evaluator) and for the12 worst practice units. Since we have 122 units this number represents the upper and lower deciles of the distribution. The comparison is shown in Figure 6 . It is the relative position in the radar diagram that reveals the structure. We see that best practice units (BP) on the average have higher values for all outputs, and relatively less in front regarding number of customers compared with worst practice units (WP). Concerning inputs the WP units have a significant overuse of capital (measured by the replacement value) leading to a much higher use of this input than for BP units, and also higher for of operating and maintenance costs, while energy loss is actually a little lower than for BP units. 1.0 0 2 000 000 4 000 000 6 000 000 8 000 000 10 000 000 12 000 000 14 000 000 16 000 000 18 000 000 Table 4 . Due to the large inefficient Dutch units that we see in Figure 7 the Netherlands has a higher savings potential than the other countries, especially for replacement value of capital. Sweden has a high potential for total operating-and maintenance costs, and Norway for energy loss. Denmark comes second to the Netherlands as regards saving potential for replacement value of capital, and has the smallest share for energy loss on the level with Finland. Finland has significantly lower savings potential for total operating-and maintenance costs and replacement value of capital than the other countries.
Size in
As explained in Section 2 a transitive Malmquist index may be obtained by comparing units with a representative standard. When we have a pooled technology the use of the total sample geometric average efficiency score may be interpreted as using such a standard (Equation (4)). The line of the geometric mean is inserted in Figure 7 . We can then compare each unit within a country with this mean (efficiency scores are given in the Appendix). The figure gives a visual impression of such comparisons. As overall characterisations we may note that the median efficiency score of Denmark and Norway is below the total mean, while the median value of Finland, the Netherlands and Sweden are higher. The Netherlands is a special case since all the large units are less productive than the sample average.
The Peers
The definition of the Peer index is given in Section 4. The results (without unit 3009) are set out in Table 5 . The peers split into three groups. Two peers, unit 3010 and 2014, stand out with especially high Peer index values, with over two times higher values on average than the next group of three units with average values in the range 12-8%. The third group of eight units has index values in the range 5-0%, with one self-evaluator.
We note that the index values may vary considerably according to type of inputs for some of the peers, like unit 2014 with a high value for operating and maintenance costs, unit 1023 with high value for replacement value (RV), and unit 4192 with high value for loss in MWh.
The super-efficiency index varies from 1.01 for the self-evaluator to 1.88. The maximal number means that the reference point on the frontier established without the peer in question in the data set on which the frontier is based, implies a use of inputs that is 88%
higher than for the peer. But we see that this unit has quite low Peer index values, indicating that if the input data for this unit is increased it will not matter much for the overall results. The Super-efficiency index is 1.18 for the most influential peer, 3010, implying that the "over consumption" of inputs at the frontier excluding this peer is 18%.
Given that the units supporting the full frontier by definitions are outliers this figure in itself dos not give rise to too much concern. The count number is the third highest. The second most influential unit, 2014, has the highest count number, but a low superefficiency index of only 1.06, implying 6% over consumption without this unit. The unit 4192 in the second most influential group in the range 12-8% has the second highest count number, and a high Super-efficiency value of 1.69, implying 69% over-consumption.
The most notable changes of dropping unit 3009 are that units 2014 and 3010 have taken over its role. They have both increased their Peer index values. This is also notable for unit 5022, while unit 3005 has had a decrease.
Cross country peer pattern
We have already seen (in Figure 7 for Efficiency distribution on countries) that each country has peers. The pattern of country origin of peer and associated inefficient units can tell us whether the common technology assumption makes empirical sense overall, and about the nature of the peers: are they multinational or pure national peers? Table 6 is is from own country, we have from the last row of Table 6 that three peers are national; We can also investigate the cross-country relationships by focussing on the importance for inefficient units in a country of peers from each of the other countries. Such a crosscountry index of peer importance has been used in Schaffnit et al. (1997) . Units must now be identified by country. Using the notation of Eq. (3) ?
Dividing these numbers with the total number of inefficient units in each country we have the distribution set out in Table 7 . We see that Finland and Norway are the only countries for which all the inefficient units have national peers. It is remarkable that all the inefficient units in the Netherlands have Danish peers. Inspecting the column for Regarding the role as benchmarks it has been customary for Norway to look to Sweden (see Jamasb and Pollitt (2001) concerning benchmarking the national grid), but according to Table 7 , following the rows, Norway should look to its own best practice distribution utilities, and also to Finland, since all the Norwegian utilities have both Norwegian and Finnish peers. Denmark should also first look to its own peers, and then to peers from the Netherlands. Finland should look first to its own peers, and then to the Netherlands, while the Netherlands should first look to Denmark and then to itself.
Sweden should look to Finland and then to Norway. Looking at the columns Finland seems to be crucial as a benchmarking country for all other countries.
The cross-country pattern established in Table 7 
The results are set out in Table 8a -c. The picture we get has more nuances than the message from Table 7 . For two of the three inputs Dutch peers are more important than
Danish ones for inefficient units in Denmark. The unweighted peer pattern index was the same for Denmark and Norway, while we now see that the weighted cross-country peer index higher for Danish peers for two of the inputs. 
Productivity comparisons
In Section 2 ways of performing productivity comparisons depending on the technology assumptions were discussed. In the case of a common technology for all countries Table   8 shows the ratios of the geometric average of the efficiency scores for each country relative to all other countries and also to the total geometric mean (cf. (49 and (5)).
Finland seems to be the most productive country within the pooled technology, having higher mean value than all the other countries. Sweden comes most close, while
Norway and the Netherlands are on about the same level, and Denmark is the least productive country. Starting with the latter country Finland and Sweden are the most productive countries relative to Denmark, while the Netherlands and Norway is in front with 4-6 percentage points. Norway's performance is closest to the Netherlands, lacking behind with about 1 percentage point. It is interesting to note, in view of the special situation of Sweden revealed earlier, that Sweden on the average is in front of all countries with the exception of Finland. We can use the performance against the total sample average as a final ranking. The last row shows that the ranking is Finland, Sweden, the Netherlands, Norway and Denmark, the two first countries being in front of the total (geometric) average and the other three behind.
Another approach to measuring overall efficiency is to focus on the (arithmetic) average unit within each country. Farrell (1957) introduced the notion of how the average unit kept up with the best practice units as a measure of structural efficiency within an industry. In Førsund and Hjalmarsson (1979) structural efficiency is measured as the average unit's efficiency score. In our setting of a common frontier we can use the efficiency score of the average units for each country against this frontier as a measure of structural efficiency. The numbers are set out in Table 10 . We see that the ranking from the most efficient country to the least is Finland, Sweden, the Netherlands, Norway and Denmark, confirming the picture given by Table 9 .
We could also study structural differences by calculating relative productivities for the average units based on the efficiency scores in Table 10 . The total picture is more or less the same as revealed by Table 9 . Differences are due to differences in location of small and large units in the country efficiency distributions portrayed in Figure 7 .
We have investigated the possibility of operating with individual country technology by running the DEA model for the three output-and three input variables. However, we may have a problem of dimensionality with Denmark, Finland, the Netherlands and Norway, since this sample includes 24, 25, 14 and 17 units respectively. The ad hoc rule that there are dimensionality problems if the number of dimensions multiplied with 3 is higher than the number of observations, apply to the Netherlands and Norway. A trial 1.0 0 2 000 000 4 000 000 6 000 000 8 000 000 10 000 000 12 000 000 14 000 000 16 000 000 18 000 000 run of country specific technologies is presented together with the common frontier in Figure 8 . As expected the number of efficient units in the Netherlands and Norway increase drastically, and also for Denmark. The individual changes for the units can be large. The distribution for Sweden with 42 observa tions is much more stable and we see a more or less parallel shift upwards of the whole distribution.
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Conclusions
When doing international benchmarking for the same type of production activity in several countries, applying a common frontier technology seems to be yielding the most satisfactory environment for identifying peers. In our exercise for a sample of large electricity distribution utilities from Denmark, Finland Norway, Sweden and the Netherlands it is remarkable that peers come from all countries. Some new indices have been developed to capture the cross-country pattern of the nationality of peers and the nationality of units in their inefficient unit sets. Bilateral Malmquist productivity comparisons can be performed between units of particular interest, e.g. according to size, or location of utility (urban-rural), etc. We have focused on the average unit within each country. Our results point to Finland as the most productive country within the common technology.
The advantage of working with the DEA model is the rich details of the results and the concrete connections to actual units. However, this may also be a problem because it is not always so easy to find explanations for specific features. We would like to point out some issues of interest for further development: 
